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(54) ENGINE COMBUSTION CONTROL DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To improve the 
combustion state with a small calculation quantity on 
the basis of the heat generating ratio of each cylinder 
under operation by operating the width or peak 
position of the waveform of a combustion pattern to 
directly control the combustion period having a great 
influence on the engine performance every cylinder. 
SOLUTION: The ratio of the air passed through a 
throttle valve 15 to reflux gas is regulated by an EGR 
valve 16, and the signals of a cylinder internal 
pressure sensor 9 and a rotation sensor 1 1 mounted 
on a crank shaft 10 are inputted to an arithmetic 
device 17. The arithmetic device 17 outputs a 
command to an ignition device control circuit 18, an 

EGR control circuit 19 and an injection device control circuit 20 on the basis of these 
signals. An ignition device 8 and a fuel injection device 7 control the width or peak position 
of the waveform of a combustion pattern and the combustion period having a great 
influence on the engine performance every cylinder to make the torque or fuel 
consumption optimum. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] A cylinder internal pressure detection means to detect the gas column internal pressure 
accompanying engine combustion, and a means to calculate the heat rate over the include angle of 
the crankshaft of a gas column based on the output from said cylinder internal pressure detection 
means, So that it may become the wave pattern which was able to define beforehand the gas column 
internal combustion glow condition pattern called for by said heat rate calculation means Ignition 
timing Fuel injection timing or the fuel oil consumption which can be set like an inhalation-of-air 
line or comparatively Or the engine combustion control system characterized by having the control 
means which controls the value about either of the gas flow controlled variable in a gas column, an 
EGR controlled variable, an inhalation-of-air valve timing controlled variable, or an exhaust air 
valve timing controlled variable at least. 

[Claim 2] It is the engine combustion control system characterized by carrying out while being in the 
index value range which shows a value better than the predetermined value as which the index value 
concerning [ the combustion state control by said control means ] the combustion stability of said 
engine was beforehand determined in the engine combustion control system according to claim 1 . 
[Claim 3] The engine combustion control system characterized by reconfigurating said wave pattern 
for a predetermined include angle as a whole from the ignition timing of said engine while shifting 
[ whenever / predetermined crank angle ] the signal wave form from said cylinder internal pressure 
detection means every and sampling it for every predetermined rotation, when said cylinder internal 
combustion glow condition wave pattern is in steady operation condition within the limits defined 
beforehand in an engine combustion control system according to claim 1. 

[Claim 4] It is the engine combustion control system characterized by sampling when said cylinder 
internal combustion glow condition wave pattern has said engine in an idle state in an engine 
combustion control system according to claim 3. 

[Claim 5] It is the engine combustion control system characterized by considering as an equivalent 
for a steady operation condition beforehand based on a sampling in case said cylinder internal 
combustion glow condition wave pattern is in said idle state in an engine combustion control system 
according to claim 3. 

[Claim 6] It is the engine combustion control system characterized by having in according to, 
respectively in the time of being in steady operation within the limits beforehand determined as the 
time of said wave pattern defined beforehand being in an idle state in an engine combustion control 
system according to claim 1 . 

[Claim 7] It is the engine combustion control system characterized by said wave pattern defined 
beforehand being bilateral symmetry to a peak location in an engine combustion control system 
according to claim 1 . 

[Claim 8] Said wave pattern defined beforehand is an engine combustion control system with which 
width of face whose peak location is 15 degrees from 3 times behind a top dead center at an angle of 
a crankshaft in an engine combustion control system according to claim 7, and said whose pattern is 
beyond a predetermined value is characterized by being 40 degrees from 20 degrees behind a top 
dead center at an angle of a crankshaft. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] In order that it may improve fuel consumption and may stop the component 
for regulation under exhaust air, this invention detects the firing pressure in a gas column, controls 
the injection rate like the rate of exhaust air reflux, ignition timing and fuel injection timing, or an 
inhalation-of-air line, and relates to the control unit of the internal combustion engine by which the 
optimal combustion was got. 
[0002] 

[Description of the Prior Art] The regulation system to the fuel consumption and the exhaust gas of 
an automobile has been increasing severity in each country every year. For this reason, it has become 
common to control ignition timing and fuel quantity by the microcomputer according to that 
occasional operational status. 

[0003] In order to carry out best [ of torque or the specific fuel consumption ] with the engine of port 
injection, it is known that what is necessary is just to make it the include angle of the crankshaft 
which controls ignition timing suitably and gives the maximum cylinder internal pressure turn into 
12 degrees behind a top dead center ("the optimal ignition timing feedback control method in a 
spark-ignition engine" besides Fujii and Kawai, before [ the Society of Automotive Engineers of 
Japan academic lecture meeting ] ** collection 954 (1995)). (It is hereafter called "the conventional 
technique 1".) 

Moreover, JP,3-233162,A is asked for thermal efficiency based on the output of a cylinder internal 
pressure sensor, and there is a publication about what is operated in the field where engine 
effectiveness is large by controlling an EGR rate, ignition timing, and the fuel amount of supply. (It 
is hereafter called "the conventional technique 2".) JP,3-246352,A has the description about what 
combustion conditions, such as a flame failure, are detected for with high precision again by 
calculating a workload equivalent value from the engine amount of heat release and an engine peak 
location based on the output of a cylinder internal pressure sensor. [(It is hereafter called "the 
conventional technique 2".) 0004] 

[Problem(s) to be Solved by the Invention] However, invention of a publication controls the peak 
location of cylinder internal pressure on the conventional technique 1, invention given in the 
conventional technique 2 is a method based on the relation between the engine thermal efficiency of 
heat release, i.e., the amount, and the amount of heat loss, and invention of a publication calculates 
the average workload like a combustion line on the conventional technique 3 from the amount of 
heat release. It is not related with the heat rate itself any conventional technique of whose is a wave 
pattern showing a combustion condition. Although it became important to operate wave-like breadth 
width of face and a wave-like peak location, the heat rate, i.e., the combustion pattern, to whenever 
[ crank angle ], to control the combustion period which influences an engine performance greatly, 
said conventional technique does not correspond by so to speak operating these with an indirect 
means, and had the problem that it was not necessarily the reason in which the optimal control is 
possible. 

[0005] The invention in this application is a method which is made in order to solve the problem of 
the above-mentioned conventional technique, and operates the wave pattern of said heat rate 
orthopedically directly. Therefore, the optimal combustion control becomes possible at small 
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computational complexity by connecting clearly the relation between a control input and pattern 
plastic surgery, and controlling separately wave-like breadth and a wave-like peak location. 
[0006] As for a certain thing, thermal efficiency falls [ the peak of a heat rate ] more than two times 
like the thing with a short combustion period which has a high peak, or C like that in which the so- 
called afterburning has the rate of combustion immediately after ignition quickly as shown in A of 
drawing 2 (b), or B, and fuel consumption gets worse. Moreover, NOx for regulation and the 
discharge of HC also increase. 

[0007] The purpose of this invention is offering the engine combustion control system which 
improves a combustion condition by small computational complexity based on the heat rate of each 
gas column, and makes fuel consumption and exhaust air the optimal during operation. 
[0008] 

[Means for Solving the Problem] A cylinder internal pressure detection means by which the above- 
mentioned purpose detects the gas column internal pressure accompanying engine combustion, A 
means to calculate the heat rate over the include angle of the crankshaft of a gas column based on the 
output from said cylinder internal pressure detection means, So that it may become the wave pattern 
which was able to define beforehand the gas column internal combustion glow condition pattern 
called for by said heat rate calculation means Ignition timing Fuel injection timing or the fuel oil 
consumption which can be set like an inhalation-of-air line or comparatively Or the engine 
combustion control system characterized by having the control means which controls the value about 
either of the gas flow controlled variable in a gas column, an EGR controlled variable, an inhalation- 
of-air valve timing controlled variable, or an exhaust air valve timing controlled variable at least can 
attain. 
[0009] 

[Embodiment of the Invention] Hereafter, the engine control system by this invention is explained to 
a detail using drawing. Drawing 1 is a part for the 1 cylinder of the 4-cylinder engine of the injection 
in a cylinder in the one example of this invention. There is a combustion chamber 4 which consists 
of a piston 2 and a cylinder 3 in this engine 1 , and this combustion chamber 4 is equipped with the 
inlet valve 5 and the exhaust valve 6. A fuel injection equipment 7 is in the interior of a combustion 
chamber 4, and mainly injects a fuel by the compression stroke of an engine 1. The gaseous mixture 
of a combustion chamber is lit with an ignition plug 8. The cylinder 3 is equipped with the cylinder 
internal pressure sensor 9 which detects a pressure, and the pressure according to gas column can be 
detected now in a multiple cylinder engine. The crankshaft 10 is equipped with the rotation sensor 1 1 
which measures an engine speed. A part of exhaust air which flows to an exhaust pipe 12 is returned 
to an inlet pipe 14 through the ring current way 13 from a combustion chamber 4. The rate of 
combustion and combustion temperature can fall by this, and an NOx discharge can be stopped. The 
ratio of the air and ring current gas which passed the throttle valve 15 is adjusted with the EGR valve 
16. The signal of the cylinder internal pressure sensor 9 and the rotation sensor 1 1 attached in the 
crankshaft 10 is inputted into an arithmetic unit 17, and an arithmetic unit 17 takes out a command to 
the ignition control circuit 18, the EGR control circuit 19, and the injection device control circuit 20 
based on these signals. Although an ignition 8 and a fuel injection equipment 7 are controllable 
according to a gas column, since ring current gas is returned to the upstream for which an inlet pipe 
14 branches to each gas column, by EGR, an EGR rate becomes all gas columns and uniform 
control. 

[0010] Change of the heat rate seen from whenever [ crank angle ] to drawing 2 is shown. A heat 
rate is [001 1] from the signal and cylinder capacity of a cylinder internal pressure sensor. 
[Equation 1] 

A9HL- a *(e) Pf fi . dV(0) a dP(9) 
d9 " a k(©m P(0) da + K(9)-i V(0) Je — 

- (» i ) 

A:&0){±*S§, K(e):tfc»ifc. V(8):f7a«ff. P(0):fSrtJE 

[0012] It is calculable in be alike. The ratio of specific beat can be decided by empty fuel 
consumption, and can be considered to be almost fixed about whenever [ crank angle ]. Moreover, 
cylinder capacity and the differential value about whenever [ crank angle ] are calculated from an 
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engine fundamental specification. If these are stored in ROM of an arithmetic unit 17 as data, the 
heat rate as an index of combustion is easily calculable from cylinder internal pressure data. As 
shown in (a) of drawing 2 , a standup peak falls [ in the pattern of an ideal heat rate / from 
immediately after ignition / smoothly ] with termination of 5 - 10-degree delay, and explosion and 
combustion by whenever [ crank angle ] from TDC (top dead center). Right and left are almost 
symmetrical and the breadth of the pattern in which a combustion period is shown has about 20 - 30 
good degrees. However, with the injection engine in a cylinder, a peak location may become earlier 
than a top dead center like A of (b) of early and drawing 2 in the rate of combustion. Then, if EGR is 
used in order to delay the rate of combustion and to bring close to the pattern of (a), combustion may 
be divided into two times like C, and the combustion which is a two-times eye will not become 
effective work. Moreover, if burn time is short even if a peak location is suitable like B, a cooling 
loss will be large and effectiveness will get worse. 

[0013] Then, the outline of the processing for bringing the pattern of drawing 2 (b) close to ideal (a) 
is shown in the flow chart of drawing 3 . This processing is performed based on the program stored 
in ROM in the arithmetic unit 1 7 of drawing 1 . a fundamental view — the introduction heat rate 
pattern - EGR — using ~ all gas columns — after adjusting roughly uniformly, the difference in a gas 
column is absorbed using controllable ignition timing and controllable fuel injection timing for every 
gas column First, at step 301, the peak location of the heat rate of each gas column is moved to 5 - 10 
degrees for example, behind a top dead center by EGR. When a heat rate becomes the pattern which 
has two peaks like C of drawing 2 (b) as a result of this processing, EGR and fuel injection timing 
are adjusted at step 302, and it operates orthopedically in a form with an one symmetrical peak. 
Next, ignition timing is controlled by step 303 according to a gas column, and the peak location of 
each gas column is optimized. Finally, at step 304, by adjustment of an injection rate, fuel injection 
timing and an inhalation-of-air line optimize the combustion period of each gas column, and obtain a 
pattern like drawing 2 (a). Moreover, since the ideal pattern of a heat rate changes a little with engine 
rotational frequencies and loads, some kinds of ideal patterns are prepared and are switched 
according to operational status. 

[0014] Drawing 4 is a flow chart which shows how to calculate the peak location of the heat rate in a 
certain gas column, step 401 ~ the output of a cylinder internal pressure sensor — immediately after 
[ theta 1 ] ignition from — theta[ when explosion finishes and a pressure declines ] n up to — it 
samples synchronizing with whenever [ crank angle ], and P (theta 1), P (theta 2), P (thetan) are 
obtained. As an example, n is 10 and thetan. It is set as 60 degrees after ignition. Next, at step 402, 
the heat rates R (theta 1), R (theta 2), R (thetan) over each sample include angle are calculated by 
applying collected sample data to several 1 . Crank angle [ which gives the maximum of the heat rate 
searched for at step 403 ] whenever thetaj It memorizes to an arithmetic unit 17. Since an engine is 
intermittent firing, even if it is the same gas column, cylinder internal pressure differs for every 
explosion. Crank angle [ which was memorized ] whenever thetaj Since the noise is overlapped and 
precision sufficient in one measurement is not acquired, let the moving average for 10 explosions be 
a peak location (step 404). Moreover, it asks from the cylinder internal pressure P (theta 1), P (theta 
2), P (thetan) which sampled the combustion period as well as a peak location synchronizing with 
whenever [ crank angle ]. The heat rates R (theta 1), R (theta 2), R (thetan) over each sample 
include angle are calculated by applying these to several 1. Let the range of whenever [ crank angle / 
which a result becomes more than constant value ] be a combustion period. The moving average is 
taken also in this case and the effect of the difference for every explosion is removed. 
[0015] In order to search for a heat rate as a pattern, the data of cylinder internal pressure are needed 
about at least 10 times about 1 explosion. The combustion period of 1 explosion is 600rpm, if it is 
about 30 degrees and converts into time amount. An idle is also about 8.3ms. It is extent. Calculating 
the peak location of a heat rate, after sampling ten or more outputs of a cylinder internal pressure 
sensor for every explosion depending on the engine performance of an arithmetic unit 17 has a 
difficult thing. Then, as shown in drawing 5 , it can sample only once about 1 explosion and the 
cylinder internal pressure data of one explosion can be sampled equivalent by making timing to 
sample little by little late. Since the data of one explosion can be sampled equivalent by 10 
explosions if [ drawing 5 ] n= 10, the loads of count decrease in number to 1/10. However, since an 
error becomes large in an engine transient, if the time with little rotation of an engine and change of 
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a load is chosen when the vehicle speed is fixed, the time of an idle, a precision fall will decrease. 
Moreover, in order to simplify processing, the sampling of cylinder internal pressure data and 
optimization of a heat rate also have the approach of limiting to the time of an idle, or predetermined 
operational status. In this case, in the operational status when optimizing, and different operational 
status, an error increases somewhat. 

[0016] Below, how to optimize the heat rate shown with the flow chart of drawing 3 is described 
concretely in order. 

[0017] The flow chart of EGR control is shown in drawing 6 . It is the purpose to delay the rate of 
combustion because this processing enlarges an EGR rate for the pattern whose rate of combustion 
of A of drawing 2 (b) is too quick little by little. Here, a 4-cylinder engine is assumed and the peak 
location of rotation fluctuation and a heat rate is calculated from 1 cylinder [ every ] cylinder internal 
pressure. Step 601 is initialization and carries out processing below a 1 cylinder every. An EGR rate 
is increased, and although the rate of combustion changes with gas columns as it is shown in drawing 
7 , although it is delayable, cylinder internal pressure fluctuation also increases it. A gas column with 
the largest fluctuation increases an EGR rate in the range which does not exceed the fluctuation 
limitation decided from operability, ride quality, etc. Moreover, since fluctuation of cylinder internal 
pressure can be measured also as engine rotation fluctuation, fluctuation may be calculated from the 
rotation sensor attached in the crankshaft. Step 602 estimates cylinder internal pressure fluctuation, 
and if it is beyond a predetermined value, this processing will be finished immediately. The peak 
location of a heat rate pattern is calculated at step 603. If a peak location is 8 times or more behind a 
top dead center, this processing will be finished immediately (step 604). Step 605 is processing for 
moving to evaluation of the following gas column. If the peak location of the heat rate pattern of all 
gas columns is after [ less than ] a top dead center (for example, 8 degs) (step 606), in order to delay 
the rate of combustion, an EGR rate will be raised 2% at step 607, for example, and the above 
processing will be repeated at it. 

[0018] When a peak is set to two like C of drawing 2 (b) as a result of the above-mentioned EGR 
control, the pattern of a heat rate is prepared by processing shown with the flow chart of drawing 8 . 
Step 801 is initialization and carries out processing below a 1 cy Under every. First, a heat rate is 
calculated to each crankshaft include angle at step 802. At step 803, the difference about these 
crankshaft include angles is calculated. Change of the sign of said difference is counted at step 804. 
That is, it multiplies by the difference which adjoins each other about a crankshaft include angle, and 
if a result is negative, it corresponds to the variation of sign of difference. If two or more variation of 
sign is got blocked and there are two or more peaks of a heat rate, the gas column number will be 
memorized in memory at step 805. Processing moves to the following gas column at step 806. The 
number of the peaks of a heat rate is counted to all gas columns (step 807), and this processing is 
finished if the number of the peaks of each gas column is one (step 808). It prepares to the pattern 
which has only one peak because two or more peaks carry out 2deg lag of the fuel injection timing of 
the gas column, for example and raise the rate of combustion at step 810 if the number of some gas 
columns is one (step 809). Since a certain two or more gas columns are difficult for operating a 
pattern orthopedically for every gas column at a certain time, they reduce an EGR rate 2% in step 
81 1, for example, and two or more peaks speed up the rate of combustion of all gas columns 
uniformly. Processing of these single strings is repeated with a predetermined period. 
[0019] Since the pattern of the heat rate of each gas column approached a form like drawing 2 (a) in 
general, a peak location and a combustion period are controlled and it is made for torque and fuel 
consumption to become the optimal according to a gas column by the above processing after this. If 
ignition timing and fuel injection timing are made into a parameter, a cylinder internal pressure 
fluctuation line — fluctuation of the cylinder internal pressure of each gas column becomes fixed — 
can be drawn like drawing 9 . In the gas column, although the location of a **** internal pressure 
fluctuation line and magnitude change with dispersion in a fuel injection equipment etc., if it 
operates near a **** internal pressure fluctuation line center, even if there will be least engine 
rotation fluctuation and it will see from a heat rate, it is an almost ideal pattern. In an initial state, 
since the individual difference of a gas column or a fuel injection equipment is unknown, although 
ignition timing and fuel injection timing are setup of all gas column identitases, first, they adjust 
ignition timing and are brought close to cylinder internal pressure fluctuation line centers, such as 
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each, for every gas column at drawing 9 . Next, it enables it to operate near [, such as each, ] a 
cylinder internal pressure fluctuation line center by moving fuel injection timing and adjusting a 
combustion period, as shown in drawing 10 . Thereby, the pattern of a heat rate like drawing 2 (a) 
can be obtained. Since it is not clear whether cylinder internal pressure fluctuation decreases if 
ignition timing and fuel injection timing are carried out what in fact, it is difficult to decide ignition 
timing and fuel injection timing with reference to cylinder internal pressure fluctuation. Then, by 
operating ignition timing and fuel injection timing according to a gas column, and controlling the 
peak location and combustion period of a heat rate to a predetermined pattern, while fuel 
consumption and exhaust air improve, cylinder internal pressure fluctuation also becomes small. 
[0020] Drawing 1 1 is a flow chart which shows the procedure of ignition timing control. Step 1101 
is initialization for processing a 1 cylinder every. At step 1 102, when cylinder internal pressure 
fluctuation is larger than a predetermined value, processing is ended immediately. The peak location 
of a heat rate is calculated at step 1 103. If the location of the peak of the gas column is located in the 
range where a combustion period is suitable, nothing will be done about the gas column (step 1 104). 
When the location of a peak is late (step 1 107), only a fixed include angle (for example, ldeg) 
carries out the tooth lead angle of the ignition timing at step 1 108, and when too conversely early, 
the lag only of the fixed include angle (for example, ldeg) is carried out at step 1 106. By repeating 
this processing, the peak location of all gas columns can be dedicated to the suitable range. It moves 
to processing of the following gas column at step 1 109. If a peak location goes into the suitable 
range about all gas columns, step 1110 will be passed and processing will be completed. 
[0021] There is monotonous relation like drawing 12 between a combustion period and fuel injection 
timing. The processing shown in the flow chart of drawing 13 adjusts a combustion period using this. 
Step 1301 is initialization for processing a 1 cylinder every. At step 1302, cylinder internal pressure 
fluctuation is evaluated, and when larger than a predetermined value, processing is ended 
immediately. When cylinder internal pressure fluctuation is said below predetermined value, at step 
1303, the bum time of each gas column is found as a period which is whenever [ crank angle / whose 
heat rate is more than constant value ]. If the acquired combustion period is in the suitable range, 
nothing will be done about the gas column (step 1304). When a combustion period is short (step 
1305), only a fixed include angle (for example, ldeg) carries out the lag of the fuel injection timing 
of the gas column at step 1306, and when long, the tooth lead angle only of the fixed include angle 
(for example, ldeg) is carried out at step (step 1307) 1308. The bum time of all gas columns can be 
dedicated to the suitable range by repeating this processing. It moves to processing of the following 
gas column at step 1309. If it goes into the range where the combustion period of all gas columns is 
suitable, step 1310 will be passed and processing will be completed. 

[0022] With the injection engine in a cylinder, injection of a fuel may be divided into two times for 
fuel consumption and exhaust air, or improvement in ignitionability, and, in addition to the usual 
compression stroke, it may inject even like an inhalation-of-air line. When an inhalation-of-air line 
makes an injection rate the rate of the fuel quantity injected like an inhalation-of-air line among the 
fuel quantity injected in 1 cycle, there is monotonous relation to an injection rate as indicated in 
drawing 14 as a combustion period and an inhalation-of-air line. Processing as shown in drawing 15 
based on this relation is carried out. Step 1501 is initialization for processing a 1 cylinder every. At 
step 1502, cylinder internal pressure fluctuation is evaluated, and when larger than a predetermined 
value, processing is ended immediately. When cylinder internal pressure fluctuation is said below 
predetermined value, at step 1503, the bum time of each gas column is found as a period which is 
whenever [ crank angle / whose heat rate is more than constant value ]. If the acquired combustion 
period is in the suitable range, nothing will be done about the gas column (step 1504). When a 
combustion period is short (step 1505), only constant value (for example, 5%) increases an injection 
rate for the inhalation-of-air line of the gas column at step 1506, and when long, only a fixed angle 
value (for example, 5%) decreases at (step 1507) and step 1508. By repeating this processing, the 
combustion period of all gas columns can be dedicated to the suitable range. It moves to processing 
of the following gas column at step 1509. If a combustion period goes into the suitable range about 
all gas columns, step 1510 will be passed and processing will be completed. 
[0023] 

[Effect of the Invention] According to this invention, the wave- like breadth width of face and the 
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wave-like peak location of the heat rate over whenever [ crank angle ], i.e., a combustion pattern, can 
be operated, and the combustion period which influences an engine performance greatly can be 
controlled directly for every gas column. By this, fuel consumption and exhaust air can be improved, 
and aggravation of fuel consumption or exhaust air can be prevented also to an engine, the individual 
difference of a gas column, secular change, etc., and the optimal combustion control can be realized. 



[Translation done.] 
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[Drawing 1] 




[Drawing 2^ 




[Drawing 3] 
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